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© Process for the activation of a catalyst. 

(p) A Fischer-Tropsch catalyst is activated by a process comprising reducing the catalyst by contact with a 
hydrogen-containing gas, the hydrogen concentration and the space velocity of the gas contacting the catalyst 
.ncreasing step-wise or continuously during the activation. The process may be employed to activate a fresh 
catalyst prior to its use or to regenerate an exhausted or partially exhausted catalyst. The catalyst, once 
activated may be used in a process for the preparation of hydrocarbons from carbon monoxide and hydrogen. 
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The present invention relates to a process for the activation of a catalyst, in part.cular to a process for 
the activation of a catalyst of use in Fischer-Tropsch synthesis. 

The preparation of hydrocarbons from a mixture of hydrogen and carbon monoxide at elevated 
temperature and pressure in the presence of a catalyst is referred to in the literature as the Fischer-Tropsch 

1 ^'SIlTs^usrrFischer-Tropsch synthesis typ.caliy comprise one or more me,a,s from Group V... of 
the Periodic Table, optionally together with one or more promoters, and a support material or earner. 
Partita interest exists in Rscher-Tropsch catalysts which comprise cobait, especially ,n catalysts 
comp sing cobalt in association with one or more promoters. Cobalt-containing catalysts have found 

a part, ular application in the Fischer-Tropsch synthesis of hydrocarbons, yielding products consrst.ng 
virtually completely of unbranched hydrocarbons with a high degree of selectivity to Cs + hydrocarbons 

Before a catalyst can be used in Fischer-Tropsch synthesis, it must first be activated Activation 
effected by contacting the catalyst with a hydrogen-containing gas. The action of the actuation step is to 
lute the oxides of the catalytically active metal and oxides of other metals ^"^^^ 

, s catalyst. Such activation procedures, applicable to the activation of fresh catalyst and also in the procedures 
for reaeneratinq or reactivating exhausted catalyst, are known in the art. 

Thus US latent No 2 289,731 (US 2,289,731) discioses a process for the reactivation (regeneration) of 
exhausted Fischer-Tropsch catalysts in which the catalyst is contacted with hydrogen to remove paraff,n,c 
d"c ons and other deposits from the catalyst particles. US 2,289.73! further discloses ; ha, ,, ,s o, 

20 advantage to expose the catalyst particles to the oxidizing action of an oxygen-contammg gas pnor to be.ng 

,re 1uro^ y ?S n Ap P ,icat,on publication No. 0 168.894 (EP-A-0 168 894) discloses a pjoc^. 
activation of a coba,t/zirconium/s,lica catalyst in which the catalyst particles are contacted w,th a hydrogen- 
o atlg gas at a temperature of between 200 and 350 "C and a hydrogen partia pressure between 
26 0 001 and 75 bar, the hydrogen partial pressure being increased gradualiy or stepw.se from an ,n,t,a, value 
to a final value such that the final value is at least five times the initial value. 

US Patent No 4 670 414 (US 4,670,414) discloses a process for the conversion of synthesis gas into 
hydrocarbons with a catalyst prepared by subjecting a cobalt carbonyl-impregnated alumina i c, ^ silica 
support to an activation procedure comprising the steps, in sequence, of (A) reduction ,n hydrogen B) 
3 o oxidation in an oxygen-containing gas, and (C) reduction in hydrogen, the activation procedure .be.ng 
cond cted at a temperature below 500 -C. The catalyst is preferably slowly reduced ,n the , presen* of 
hydrogen, The reduction step can be conducted initially using a gaseous mixture comprising j 5% hyd ogen 
and 95% nitrogen, and thereafter, the concentration of hydrogen can be gradually increased until pure 
hydrogen is obtained. The reduced catalyst is then passiva.ed at ambient ^perature by con act w, h 
36 dLed air, after which the catalyst is slowly heated in diluted air to a temperature of from about 300 C to 
about 350 -C. The thus oxidized catalyst is then reduced in the aforementioned manner. A sim.lar 
activation procedure is disclosed in US Patent No. 4,413,064. . lkiinm . oHl ,„ 
in US 4 670 414 it is stated that the flow of reducing gas during the reduction stages of the procedure 
must be high enough so that any water formed has a partial pressure in the offgas of below 1%, ,n order to 
<o S excessive steaming of the exit end of the catalyst bed. Thus, to keep the water partial pressure o the 
Sgld low level requires either the provision of equipment capable of handling a high throughput of gas, 
or operation of the reduction stages at low pressures, in turn requiring longer reduction periods. 

Sly US Patent No. 2,644 829 (US 2.644,829) discloses a process for the start-up or conditioning of a 
cataly t in a Fischer-Tropsch synthesis process in which, a, the start o, the synthesis the catalyst ,8 
.s contacted with a mixture of hydrogen and carbon monoxide at a pressure and a gas space velocity 
,£ ESlly wer than the pressured gas space velocity normally used to effect the synthes, , je^oa 
The pressure and space velocity are then gradually increased until normal process operating condrtions are 
Ichieved The e Hec P t o( this conditioning procedure is described in US 2,644,829 as be,ng to reduce the 
^Undesirably high level of activity of the catalyst. Thereafter, the synthesis process ,s continued under 
so normal operating conditions with the catalyst in its state of reduced activity. 

K has been found that, during the activation of a Fischer-Tropsch catalyst, hydrogen^comain.ng^ gas 
mus be contacted with the catalyst a. very high gas space velocities .n order to achieve optimum 
artlatton However, the design and construction of commercial scale reactors often places very severe 
consists on the maximum permissable pressure drop across a catalyst bed. These constraints ,n turn 
5 s meat ha, L very high gas space velocities desirable during activation cannot be appl.ed without 
expensve compressor apparatus, if a. all. Accordingly, relatively low gas space velocities must be used 
So activation This, however, in turn often results in the activation procedures taking many hours to 
ef e Lly e ce, and hence activate, the catalyst. Therefore, there is a need for an activation procedure 
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of increasing n Y uru y nflrtirillar rata lvsts activated by the aforementioned procedure can exhibit a 

"""hydrogen-containing gas used in the process of the present invention rnay be substantia.ly pure 

mmmmwm 
:mmmwmm 

COnl ZT*\<S££ operating regime is to contact the catalyst with an inert gas having a hydrogen 
contend iTo! S, ™* P^ly ^f^'^^STl 
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water-tolerant catalysts, lower gas space velocities and/or higher hydrogen concentrates can be em- 

Pl ° y The activate process ot the present invention is carried out at ^^Z^HTc 
^ . cnn • r MnrP nreferablv the process is operated at a temperature of from 100 O to jau u 

exhausted or partially exhausted catalyst. a dvantaaeously applied in the 

Further the process of the present invention may be adv-antageousiy 

, use orTf e regeneration (reactivation) o. an exhausted or partially exhausted catalyst. 

5 ^'ErerltS; both n oMhe reduction stages in the ROR-acfvation procedure may comprise the process 
o, th p sent Lotion, If the process ,s employed during only one ot the reduction stages of the ROR 

,o contai^g Ss. Th 9 e process as hereinbefore described may be employed as the „rs, stage ,n the ROR- 
. > W l»d « a pressor, ol rom I to 30bar. lo, m , M „ m . c . ,„,„„, 

- ;°zr :urr/ 5 r ,^o?,r « i ^ - «- *- <» » -» 

from 500 to 1000 Nl/l/h. for a period of from 1 to 30 hours. 
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The third staqe o. .he ROR-activa.ion procedure is a final reduction of the oxid.zed catalyst produced in 
the £ — d above. Por this third ^ 

Pr ° C Th S : 7ZTfZT^L«o» may be applied as a one-pass process, that is, a process in which 

figure which is a schemaScal diagram of a preferred arrangement of apparatus for conducting the process 
of the present invention. Advantageously, 

thr0 Dla JhetocJss of the present invention, hydrogen-containing feed gas enters the reactor vessel 2 

mmmmEm 

from the combined gas stream. Water is shown, schematically, leaving the molecular s.eve dryer g 
the trim heater 52 through line a feactor vessels (no1 
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^"iiL** ~,„ „„ «, «... « p»-.-» « ™ »»- <» "» <*- * 

o 0 167 215, tP u ibu ^oa dnu u QQicftAS ? and GB 8925979.0, forming priority for 

catalysts are disclosed in UK patent appl.cat.on, No*GB <»1M«^ QB f 428 223 respectively. 

2 ,o 5 are activation procedures according to the present invent-on and Examples 6 to 10 are act.vat.on 
procedures known from the prior art and are for comparative purposes only. 

35 E xample 1 ■ Catalyst Preparation 

prior to cooling to room temperature. 

The resulting catalyst comprised 7.27% by weight zirconium and 17.6 /c by we,ght cobalt. 
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Examples 2 to 5 - Catalyst Activation and Testing 

° '^S^Z^ZTJZ^ "as suited to a hydrocarbon synthesis test, in which 

ZZ^'X™ Cy 1 i?S^ « ( iSvny to C 5 hydrocarbons and ,ar 9 er (0s ♦ se.ecti.ty, ach.ved 
is in each of the tests are given in Table II. 

Comparative Examples 6 to 10 

indi Ttete T act!:aL catalyst sampies were then each subjected to a S 
saml conditions as described above with reference to Exampies 2 to 5. The results of these tests are 

25 out in Table II. 
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From the data set out in Table II. it can be seen that, in general, a catalyst activated using a procedure 
acco dr g to the present invention (Examples 2 to 5) exhibits an excellent overall activity (as .nd.cated by a 
ow sy thesis temperature) giving high space time yields with a very high selectivity to C 5 . hydrocarbons. 

R c mpanson o! ?he performance o. the catalyst activated by procedures accord^ , he preset 
invention with the same catalyst activated following procedures known from the pnor art (Examples 6 to 10), 
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rss „s« sr;s2. - „ — » - « « 

achieve a high degree of catalyst activation than equivalent processes of the prior art. 

F^any as shown in Tables I and II, the activat.cn procedure of the present ,nvent,on d,d not requ.re the 
use of pure hydrogen to achieve a high degree of catalyst actuation. 


Claims 


20 


25 


30 


, 1 A process .or the activation of a Rsher-Tropsch catalyst comprising reducing the catalyst by contact 
with Thy^ogen-containing gas, the hydrogen concentration and the space velocity o. the gas 
contacting the catalyst increasing step-wise or continuously during the activation. 

2. A process according to claim 1 . wherein the hydrogen-containing gas comprises an inert gas. 

3 A process according to either of claims 1 or 2, wherein the water partial pressure in the gas leaving the 
catalyst is maintained below 200 mbar, preferably below 100 mbar. 

4 A process according to any preceding claim, wherein the hydrogen content of the hydrogen-containing 
gas is increased from about 0 to about 75% v/v during the activation. 

5. A process according to any preceding Calm, wherein the space velocity is increased within the range 
of from 100 to 10000 Nl/l/h, preferably within the range of from 200 to 6000 Nl/l/h, more preteraoiy 
within the range of from about 300 Nl/l/h up to about 1000 Nl/l/h. 

6. A process according to any preceding claim, wherein the pressure of the hydrogen-containing gas is 
substantially constant during the activation. 

7 . A process according to any preceding claim, wherein the pressure of the hydrogen-containing gas is in 
35 the range of from 1 to 10 bar. 

8. A process according to any preceding claim, wherein the activation is effected at a temperature in the 
range of from 100 to 350 • C. 

«, 9. A process according to any preceding claim, wherein the gas leaving .the ^ cata.yst is dried, combined 
with fresh hydrogen-containing gas and recycled to further contact the catalyst. 

10. A process for the activation of a Fischer-Tropsch catalyst comprising the steps of: 

a) contacting the catalyst with a hydrogen-containing gas; 

b) contactinq the catalyst with a gas having oxidizing activity; and 

c con ac ling the catalyst with a hydrogen-containing gas, wherein a process as defined in any one 
o! cla?rnsT? 0 12 is employed in a, least one of steps a) and c), preferably in at least step c). 

11. A process according to any preceding claim, characterized in that the catalyst comprises silica, 
alumina, titania or mixtures thereof as carrier. 

12. A process according to any preceding claim, characterized in that the catalyst comprises cobalt as a 
catalytically active metal. 

55 13. A process according to any preceding claim, characterized in that the catalyst comprises, as promoter, 

zirconium. 

14. A Fischer-Tropsch catalyst activated by a process according to any preceding claim. 
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15. A process for the preparation of hydrocarbons comprising contacting a mixture of carbon monox,de and 
hydrogen with a catalyst according to claim 14. 
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